A socioecological approach to biodiversity conservation has recently been encouraged. We examined farmer perceptions of ecosystem services provided by scavenging vertebrates in Spain through face-to-face surveys with farmers in seven large extensive livestock systems. Scavenging services (i.e., carrion consumption) was the most perceived benefit whereas the role of some scavengers as predators was the most recognized damage. The most beneficial scavengers perceived were vultures. Overall, we detected a "Dr. Jekyll and Mr. Hyde" paradox as the same species and species within the same guild can be dually perceived as beneficial or harmful. Our findings provide evidence that traditional extensive farming linked to experience-based and local ecological knowledge drives positive perceptions of scavengers and their consideration as ecosystem services providers. Research on social perceptions can contribute to the conservation of scavengers by raising awareness about the ecosystem services provided by this functional group.
Introduction
Recognition about the need for approaching biodiversity conservation from a social-ecological perspective is now highlighted in the research agenda (Ban et al. 2013; Martín-López & Montes 2015; Bennet et al. 2016) . One of the reasons for mainstreaming the social dimensions (i.e., perceptions, values, beliefs, or attitudes) in biodiversity conservation (Bennet et al. 2016; Pooley et al. 2017) is the acknowledgment of the crucial role of biodiversity in supporting human well-being through the provision of ecosystem services (e.g., MA 2005; Díaz et al. 2006; Cardinale et al. 2012) , which are understood as the benefits (and occasionally detriments) that people obtain from ecosystems . In this sense, it has recently been recognized that the same ecosystem service can be perceived as benign or harmful, depending on the social actors involved (Saunders & Luck 2016) . Additionally, conservation policies and practices are a result of human decisions and behavior, either intended or unintended (Mascia et al. 2003) . To foster societal change toward biodiversity conservation, there is a need to comprehend how biodiversity and its resulting ecosystem services are perceived by humans (Martín-López et al. 2012; Bennett 2016) . Here, perceptions refer to the way humans understand, interpret, and value biodiversity and ecosystem services (Bennett 2016) . However, understanding the links between biodiversity, ecosystem services, and human perceptions still remains a critical challenge. Indeed, most of the research in biodiversity and ecosystem services has not truly addressed this key challenge because it has mainly focused either on the links between biodiversity and ecosystem services (e.g., Díaz et al. 2006; Cardinale et al. 2012) or social preferences for ecosystem services (e.g., Martín-López et al. 2012; Ament et al. 2017) . Only a few studies have aimed to understand the entwined links between biodiversity and social perceptions of ecosystem services through the analysis of functional diversity García-Llorente et al. 2011; Cáceres et al. 2015) . Therefore, a scientific approach to assessing social perceptions of the ecosystem services provided by different functional groups and particular species may improve the understanding of this lack of knowledge and favor biodiversity conservation. For instance, the contrasting behavioral attributes of three large carnivore species in southeastern Europe led to speciesspecific social perceptions of them and conservation implications (Lescureux & Linnell 2010) .
In this study, we examined the social perceptions of those ecosystem services provided by scavenging vertebrate species in Spain, which is home to globally threatened scavenger species, including >90% of European vulture populations (Margalida et al. 2010 ) and the largest populations of large carnivores in Western Europe, such as brown bears (Ursus arctos) and gray wolves (Canis lupus; Chapron et al. 2014) . It has been globally demonstrated that scavenging vertebrates are crucial for providing ecosystem services, such as disease and pest control (Markandya et al. 2008) , nutrient cycling (Wilson & Wolkovich 2011) , indirect greenhouse emissions regulation (Morales-Reyes et al. 2015) , and cultural inspiration and recreational activities (Markandya et al. 2008; Gangoso et al. 2013) . Despite the decline in their populations worldwide (Ogada et al. 2012) leading to the loss of ecosystem services (Markandya et al. 2008) , this group of species has received little attention in ecosystem services research (Moleón et al. 2014) .
To address this knowledge gap, we aim to analyze farmer perceptions of ecosystem services provided by scavenging vertebrates in Spain and to identify the social and ecological factors determining whether scavengers are considered by farmers as providers of benefits or sources of damage. In vertebrate scavenging guilds, two functional groups can be defined: facultative scavengers, i.e., animals that exploit carrion opportunistically but rely upon other food sources in the absence of carrion (e.g., mammalian carnivores, raptors, and corvids), and obligate scavengers, i.e., animals that depend totally on carrion (i.e., vultures). We particularly explore the following research questions: What ecosystem services provided by scavenging vertebrates are perceived by farmers? Which scavenging vertebrates are perceived as providers of ecosystem services? To whom are the ecosystem services provided (i.e., farmers)?
Methods

Study areas
The investigation was performed at seven study areas in Spain (Figure 1 ): Fuerteventura on the Canary Islands, Sierras de Cazorla Segura y Las Villas Natural Park, the Sierra Morena, the northwest region of Murcia, the Central System, the Pyrenees and the Cantabrian Mountains on peninsular Spain. These areas represent the main traditional and large extensive and semiextensive livestock farming systems in Spanish mountainous areas, which maintain important populations of vertebrate scavengers, both facultative and obligate. Species considered in each study area are shown in Table S1 .
Data collection
We conducted 276 face-to-face questionnaires with farmers from 2012 to 2016 (see Figure 1 for sampling points, and Appendices S1-S3 and Tables S2 and S3 for additional details). The questionnaire was structured in three sections: (1) perception of ecosystem services provided by scavengers (what), (2) perception of scavengers' capacity to provide different ecosystem services, scavenging services in particular, and the perception of their population trends (who), and (3) characteristics of farming and sociodemographic variables (to whom). Tables S4 and S5 present the variables used in sections "ecosystem service providers (who)" and "ecosystem service beneficiaries (to whom)," respectively. It is important to note that we are assessing perceptions, i.e., not the reality. Thus, we can appraise the mindset of farmers and how this can be shaped according to their experience-based knowledge.
Data analyses
To analyze the farmer perceptions about the capacity of scavenging species to provide services, we created two variables: (1) ecosystem service provider (ESP) index, i.e., average farmer perceptions of scavengers as providers of ecosystem services for each species using a five-point scale from very harmful (i.e., ESP index = 1) to very beneficial (i.e., ESP index = 5), and (2) Scavenging services (%), i.e., percentage of farmers that selected each species as a provider of scavenging services (i.e., carcasses consumption) either in the first, second or third ranking of importance.
First, we used nonparametric comparison tests to identify differences in farmer perceptions of the capacity of Table S1 for additional details). Second, ordinary least squares regression models were performed to predict the effect of variables representing the abundance of species (i.e., distribution of species and farmer perceptions of species' population trends) on farmer perceptions about the services provided by scavengers. Simple linear regression was used to estimate the effect of the scavengers' community (i.e., richness of species, functional evenness, and functional dispersion) on farmer perceptions. Third, a canonical correspondence analysis (CCA) was used to determine those farmers and farming characteristics that are associated with the perceptions of scavengers as providers of 
Results
Ecosystem services provided (what)
Overall, a higher percentage of farmers perceived scavengers as harmful (54.2%) than beneficial (35.3%; Figure 2 ). Among the benefits identified by farmers, scavenging services (i.e., carcasses consumption) were the most often mentioned (86.8%), followed by the benefit people receive from knowing that scavengers exist (i.e., existence value; 10.5%), the benefit associated with biological control (e.g., predation of rodents and lagomorphs by raptors and mammals; 1.6%) and other beneficial ecosystem services (1.1%; Figure 2A ). Among damages, farmers perceived those related to the role of some species as predators (76.6%), as omnivores (16.4%), other harms to livestock besides predation (4.9%) and other damage, such as damage to farm infrastructure (2.0%). The damages related to the role of some scavengers as predators included predation on livestock (37.3%), game species and their hatchlings and eggs (27.5%), and nonspecified species (11.8%). Negative impacts associated with the role of certain scavengers as omnivores included wild boar (Sus scrofa) rooting (8.1%), cropland damage (7.9%), and damage to beehives (0.5%). Other damage to livestock included annoyances to livestock (2.9%) and disease transmission (2.0%; Figure 2B ).
Ecosystem service providers (who)
According to the ESP index, farmers perceived vultures as the most beneficial scavengers providing ecosystem services, followed by other raptors, nonraptor birds, and mammals (Kruskal-Wallis test, P = 0.001; Figure 3A ). Table S4 . Details regarding the results per species are shown in Figure S1A and B.
Additionally, obligate scavengers (i.e., vultures) were significantly perceived as providers of more beneficial ecosystem services than facultative scavengers (MannWhitney U test, P = 0.001; Figure 3B ). For the particular case of scavenging services, we also found differences in the farmer perceptions about the different taxonomic groups (Kruskal-Wallis test, P = 0.028; Figure 3C ), with vultures considered the main providers of scavenging services. Accordingly, obligate scavengers were perceived as more important for providing scavenging services than facultative scavengers (Mann-Whitney U test, P = 0.025; Figure 3D ). It is noteworthy that some species weakly perceived as providers of benefits (e.g., low ESP index for Corvus corax canariensis and Canis lupus; Figure S1A ), were highly valued for their provision of scavenging services (i.e., high Scavenging services [%] ; Figure S1B ).
Linear regressions of the ESP index with variables representing the abundance of scavengers (i.e., distribution of species and farmer perceptions of species' population trends) suggest that farmers perceived the importance of scavengers in providing beneficial services when species had a more restricted distribution (t = -2.56, P = 0.019; Figure 4A and Table S6 ) and their populations were perceived as declining (t = -4.74, P < 0.0001; Figure 4B and Table S7 ). In contrast, farmers perceived that the provision of scavenging services increased with broader distributions of scavengers (t = 2.09, P = 0.049; Figure 4C and Table S6 ). However, farmer perceptions of species' population trends did not influence their perceptions of provision of scavenging services (t = 1.26, P = 0.219; Figure 4D and Table S7 ). The four regressions showed that facultative scavengers were perceived by famers as less important in Asterisks indicate significant differences according to * P ࣘ0.10, * * P ࣘ 0.05, * * * P ࣘ 0.01. Description of the variables is provided in Table S4 . Additional information on regression models is shown in Tables S6 and S7. providing ecosystem services (ESP index) and scavenging services than vultures (Figure 4) . Furthermore, in the scavenger communities with higher functional diversity, farmers tended to perceive a higher capacity of the scavenger guild to provide multiple ecosystem services (i.e., higher ESP index; Figure 5 ). In particular, functional evenness was positive related to ESP index (t = 2.46, P = 0.057; Figure 5B and Table S8 ). We did not find any relationship for species richness and functional dispersion ( Figure 5 and Table S8 ).
Ecosystem services beneficiaries (to whom)
The CCA revealed significant effects of different variables associated with sociodemographic and farming characteristics on farmer perceptions and knowledge of scavengers (Table 1 ). The first axis of the CCA (46.4% of the variance) captured the farmer perceptions of beneficial services provided by scavengers (i.e., beneficial index). The beneficial index was positively related to the practice of transhumance and male farmers who have broadened Table S4 . Additional information on regression models is shown in Table S8 . Factor scores of response (i.e., indices of social perception) and explanatory variables (i.e., sociodemographic and farming characteristics) are shown in the first three axes. Bold font indicates the highest squared cosines for the response variables and the significant regression coefficients for the explanatory variables. Eigenvalues for the first three CCA axes were significant (Monte Carlo permutation test with 500 iterations; P < 0.0001). Additional information of sociodemographic and farming characteristics in each study area are shown in Table S3 . Full names and description of the variables are provided in Table S5 .
the products of their farm beyond livestock production (e.g., milk or cheese production). In contrast, it was negatively related to the problems reported on their farms (e.g., high livestock feed costs or selling products at low prices). The second axis (29.8%) captured a gradient between the farmer knowledge about scavengers (i.e., knowledge and sighting indices, in negative scores) and the perception of these species as providers of scavenging services (i.e., scavenging index, in positive scores). Male farmers who traditionally abandoned livestock carcasses in the field had higher knowledge indices. The perception of the provision of scavenging services was associated with female farmers who have broadened the products of their farm beyond livestock production. The third axis (22.6%) captured the farmer perceptions of harms (i.e., harmful index) provided by scavengers, which was explained by having high livestock numbers, whether there were any attacks on livestock by scavengers, and having carcass removal insurance in the past.
Discussion
Despite extensive ecosystem services research in the last two decades, knowledge about the interlinkages between biodiversity, ecosystem services, and social perceptions remains unclear (Bennett et al. 2015; Balvanera et al. 2016) , especially at the level of species and communities. Although functional diversity strongly impacts the provision of services, particularly for regulating services (Díaz et al. 2006) , individual species and guilds can also play important roles (Luck et al. 2003) . This work provides empirical evidence of the provision of ecosystem services by vertebrate scavenger species and the associated social perceptions by farmers. First, results show that farmers perceived scavengers as harmful more often than beneficial (Figure 2 ). Benefits were mainly related to the scavengers' capacity to remove carcasses from the field (i.e., scavenging services), whereas harms were associated with their role as predators. Second, our findings indicate that different species within the scavenger guild, or even a single species, can be dually perceived as beneficial and harmful by farmers. This "Dr. Jekyll and Mr. Hyde" hypothesis can be explained by the characteristics of the ecological community (who) and the socioeconomic characteristics of farmers (to whom).
Regarding ecological characteristics, our analyses demonstrated that three main factors determine the perception of scavengers as beneficial or harmful: (1) taxonomic and functional group (Figure 3) , (2) distribution of species and perceptions of species' population trends ( Figure 4A and B) at the species level, and (3) functional evenness ( Figure 5B ) at the community level. First, vultures and nonraptor birds were mainly perceived as beneficial species because of their capacity to provide scavenging services ( Figure 3C ), whereas other raptors were appreciated primarily for their importance in biological control and their existence value ( Figure 3A) . In fact, the existence value of eagles has been identified as one of the main contributors to the increase in social support for its conservation (Martín-López et al. 2007; Richardson & Loomis 2009; Donázar et al. 2016) . Second, we found that perceptions as beneficial beyond scavenging services (i.e., ESP index) are determined by the level of rareness of the species, in terms of both distribution range and perceived population trends ( Figure 4A and B) . Although the influence of rareness on positive human attitudes toward species has been previously reported (e.g., Bandara & Tisdell 2005) , this is the first study reporting a positive relationship between species' rareness (i.e., species' reduced distribution and the perception of declining populations) and the perception of species as providers of multiple ecosystem services. Paradoxically, when we focus on the particular service of scavenging, our results showed the opposite pattern: rare species are perceived as less important ( Figure 4C and D) . This result is consistent with the fact that abundant species tend to contribute more to the provision of a particular ecosystem service than scarce species Winfree et al. 2015) . Third, our results also revealed that farmers recognize a greater capacity to provide ecosystem services in those communities with higher levels of functional evenness ( Figure 5B ). In agreement with farmer perceptions, the role of functional diversity is extensively recognized as a key factor for ensuring the provision of ecosystem services (e.g., Díaz et al., 2006 Díaz et al., , 2011 . Moreover, farmer perceptions is in accordance with the findings in the field, since carcass consumption rates are higher in complex scavenging networks with the presence of obligate scavengers (Sebastián-González et al. 2016) .
With regard to the socioeconomic characteristics of farmers (to whom), past and current experience in the field and farmer knowledge seem to influence farmer perceptions of scavengers as beneficial. Whereas transhumance determines the perception of scavengers as providers of beneficial ecosystem services, the past and current practice of leaving livestock carcasses in the field influence farmer knowledge about scavengers (Table 1) . We argue that farmer experience in the field can be associated with local ecological knowledge (i.e., the cumulative body of knowledge, practices, and beliefs regarding the relationships of living things to their environment; Berkes et al. 2000; Díaz et al. 2015) , and that this association could come together with farmer perceptions of scavengers as beneficial species. Consistently, previous studies have shown that shepherds who continue to develop transhumance by walking have higher levels of local ecological knowledge than those who are settled (OterosRozas et al. 2013) , and than those who have experience with transhumance highly appreciated the importance of ecosystem services (López-Santiago et al. 2014) . Our results show that farmer experience-based and local ecological knowledge might relate to their capacity to identify species as providers of ecosystem services. Therefore, farmers with experience-based knowledge become important social actors for fostering the preservation of key species able to provide ecosystem services.
Our findings support the idea that perceptions of the benefits provided by species are crucial for enhancing biodiversity conservation (Bennett 2016) . On the one hand, as social support for conservation can rely on the perceived ecosystem services provided by biodiversity (Bennett 2016) , the long-term preservation of scavengers might benefit from a wider social recognition of the beneficial services they provide. Our results show that the perception of scavengers as providers of ecosystem services depends on preserving traditional livestock practices, such as transhumance and the abandonment of livestock carcasses in the field. This is consistent with previous studies that have demonstrated the role of traditional farming practices in the conservation of scavengers (Olea & Mateo-Tomás 2009; Mateo-Tomás & Olea 2010) . On the other hand, it should be noted that the perception of some facultative scavengers as harmful ( Figure S1 ) could lead to illegal actions for their control (e.g., poisoning; Mateo-Tomás et al. 2012 ) which, in turn, may have unintended negative effects on other species in the guild.
Conclusions
By using social perceptions to understand the ecosystem services provided by scavenging vertebrates, this study contributes to the increasing recognition that omitting social considerations can be perilous for biodiversity conservation . This study emphasizes the importance of experience-based and local ecological knowledge for preserving scavengers, the services they provide and the identification of management strategies able to contribute to their conservation. The findings from our work support the idea that the implementation of conservation policies in Europe that favor traditional extensive farming systems and strengthen the link between farmers and nature can foster positive perceptions of scavengers. Furthermore, we found that the dual perception of scavengers as both providers of beneficial ecosystem services and as harmful species should be addressed to preserve globally endangered vultures. Consequently, future conservation programs should target the social and ecological factors that promote the understanding of scavengers as beneficial species. Table S1 . Species included in the questionnaires in each study area. Table S2 . Population size, sample size, and margin of error in each study area. Table S3 . Main sociodemographic and farming characteristics of the farmers for the set of study areas and in each study area. Table S4 . Overview of the variables used in the section "ecosystem service providers (who)". Table S5 . Overview of the variables obtained from the questionnaires and used in the section "ecosystem service beneficiaries (to whom)". Table S6 . Standardized coefficients, P values, and regression statistics of ordinary least squares regression models of the effect of distribution of species on the farmer perceptions of scavengers as providers of ecosystem services and on the percentage of farmers that perceived the provision of scavenging services. Table S7 . Standardized coefficients, P values, and regression statistics of ordinary least squares regression models of the effect of the farmer perceptions of species' population trends on the farmer perceptions of scavengers as providers of ecosystem services and on the percentage of farmers that perceived the provision of scavenging services. Table S8 . Standardized coefficients, P values, and regression statistics of simple linear regressions of species richness and functional diversity metrics against the farmer perceptions of scavengers as providers of ecosystem services. Table S9 . List of functional traits for which data were collected on the scavenger species present in each study area. Table S10 . Values of functional traits per species which were used to calculate the functional diversity metrics in each study area. Table S11 . Distribution of species and total number of grids in each study area. Figure S1 . Perception of scavenger species' capacity to provide ecosystem services.
